Background: Studies have revealed that visiting poultry markets and direct contact with sick or dead poultry are significant risk factors for H5N1 infection, the practices of which could possibly be influenced by people's knowledge, attitudes and practices (KAPs) associated with avian influenza (AI). To determine the KAPs associated with AI among the Chinese general population, a cross-sectional survey was conducted in China. Methods: We used standardized, structured questionnaires distributed in both an urban area (Shenzhen, Guangdong Province; n = 1,826) and a rural area (Xiuning, Anhui Province; n = 2,572) using the probability proportional to size (PPS) sampling technique.
Background
As of July 1 2009, 436 confirmed human H5N1 avian influenza (AI) cases, resulting in 262 deaths (case fatality rate, 60.1%), have been reported since November 2003, most of them in southeast Asia [1] . There is general agreement on the potential spread to humans with devastating consequences [2] . Case-control studies during the 1997 outbreak in the Hong Kong Special Administrative Region (SAR) of China [3] , Thailand [4] , Vietnam [5] and China [6] during 2004-2005 revealed the visiting of poultry markets and direct contact with sick or dead poultry to be significant H5N1 risk factors.
In mainland China, 37 confirmed H5N1 cases have been reported since October 2005 [7] . The Chinese H5N1 cases comprised two different groups regarding patterns of exposure to poultry: 71.4% (10/14) of urban patients had visited wet poultry markets (live or freshly slaughtered poultry) before onset of the illness, whilst 81.8% (18/22) of rural patients had previously been exposed to backyard poultry and to sick or dead poultry [6, 8] .
To date, there are limited data on the knowledge, attitudes and practices (KAPs) associated with AI in the general population [9, 10] . We conducted a two-stage, household-based cluster survey of KAPs regarding AI in an urban area (city of Shenzhen), where poultry markets are common, and in a rural area (Xiuning County), where backyard poultry is common. Focal points of the survey were: types of information commonly held, awareness of AI, emotional reactions to human AI, and practices associated with its prevention.
Methods

Study Sites
The study was performed in Shenzhen city; a typical large urban population located in Guangdong Province, southeast China, just across the border from Hong Kong SAR, and in Xiuning County (Anhui Province in the middle of China); a typical rural area with a population of 240,000.
Sample Size
A two-stage probability proportional to size (PPS) sampling method was used. In stage one, we selected 30 primary sample units (PSUs) from the 639 communities in Shenzhen and 30 PSUs from the 259 villages in Xiuning, ranked by population using SAS (Survey Select Procedure with PPS-systematic sample method, version 9.0; SAS Inc, Cary, NC, USA). In stage two, 20 households in each community of Shenzhen and 30 households in each village in Xiuning were randomly selected. A sample size of 1,750 participants in Shenzhen was calculated to achieve a point estimation with an α-error of 0.05, based on an estimated prevalence (about 20%) of chickens purchased live in Hong Kong SAR [9] . For Xiuning, it was estimated that about 50% of households would raise backyard poultry, requiring a maximum sample of 2,700. In both cases, sample sizes took into account the different sampling methods and assumed a response rate of 80%.
Survey Methodologies
Trained investigators from the Chinese Center for Disease Control and Prevention (China CDC, Beijing) and local CDCs described the purpose of the study to eligible participants or their proxies and obtained oral informed consent before the enrollment. In each household, every family member who met the inclusion criteria was administered a standardized, structured questionnaire (see Additional file 1; and Additional file 2) in the local language to assess KAPs of AI. The inclusion criteria were: proper communication skills, age ≥ 15 years, and residence in the specific investigational area for ≥ 3 months.
Most questions were closed-ended: participants were allowed to choose from a pre-existing set of answers (Yes/No/Unclear). Most variables derived from these questions were categorical, with the exception of age.
The level of knowledge of AI was assessed according to awareness of the issue, sources of information and demand for more information. We also asked both groups whether or not AI is an infectious condition (3 points), to describe its mode of transmission (2 points), whether or not it can be prevented (1 point), and to estimate the level of recovery after treatment (1 point). Only the urban group was asked whether infection is associated with hygiene in wet poultry markets (1 point), and only the rural group was asked about the relationship between AI and 'fowl plague' (Newcastle disease) (1 point). In order to be considered knowledgeable, a participant had to attain a score of five points or more out of eight, according to a Likert-type scale [11, 14] .
Concerns related to AI were assessed via two questions regarding concerns about family/friends and fear of visiting public places due to the risk of catching the virus. To each question a maximum of 3 points was assigned if the answer was 'yes'; 2 points were assigned to 'not sure'; 1 point was assigned to 'unknown'; and 0 points for 'no'. A person who scored 5 or 6 points was defined as concerned about AI.
Practices associated with preventing human AI were also assessed, with questions about hand washing and eating poultry after being informed about AI. Urban residents were asked about direct contact with live poultry when purchasing in a wet poultry market, including direct contact with cages of live poultry and subsequent inoculation of mucous membranes after touching poultry cages. Rural participants, more likely to have contact with backyard poultry, were questioned on their exposure to sick or dead poultry.
Statistical Analysis
Data from the questionnaires were entered in duplicate and verified using EpiData software (Odense, Denmark; available at http://www.epidata.dk/). Data were analyzed with SPSS (version 13.0; SPSS Inc., Chicago, IL, USA). Median and range values were calculated for continuous variables, and were compared between urban and rural groups using the Wilcoxon rank-sum test. For categorical variables, frequencies for urban and rural groups were compared using the chi-square test. A backward variable selection method was used to select variables for multivariate analysis by univariate analysis. The multiple linear regression model was used to analyze possible influencing factors associated with participants' AI knowledge and attitudes.
Study Approval
The study protocol was approved by the Institutional Review Board of the China CDC and was carried out in compliance with the Helsinki Declaration. The requirement for signed, informed consent was waived because no sensitive individual information or clinical specimens were collected from participants. Verbal informed consent was obtained from all participants.
Results
4,414 (98%) of the 4,504 eligible participants agreed to participate in the study and completed the questionnaire. Fifteen participants in Shenzhen and one in Xiuning were excluded from the analysis due to incomplete responses. Residents in the Shenzhen group were significantly younger than those in Xiuning (p < 0.001), with a median age of 32 years and 46 years, respectively. The level of education (high school or above) was much higher among the urban residents compared to the rural villagers: 760 (42%) vs. 199 (8%), respectively (p < 0.001). A similar difference was observed in occupation levels: 244 (13%) of participants were homemakers in Shenzhen vs. 39 (2%) in Xiuning (p < 0.001).
The most common source of information about human AI was television, with 94% of urban residents and 92% of rural residents (p = 0.04) identifying television as the main source of information on AI. Urban Shenzhen residents were more likely than rural Xining residents to be informed through newspapers (45% vs. 7%, p < 0.001) or the internet (21% vs. 2%, p < 0.001). More residents in the Xiuning group obtained information through health professionals (26% vs. 7%, p < 0.001) and family/friends (55% vs. 29%, p < 0.001).
A significant percentage of participants in both groups requested more information (62% for the Shenzhen group and 76% for the Xiuning group, p < 0.001). However, approximately a quarter of the population in both groups did not care about this problem (Shenzhen 28% vs. Xiuning 22%, p < 0.001). Official announcements of a poultry outbreak were less frequently demanded, especially by the Xiuning group (p < 0.001). Television was the preferred source of further information in 92% of the Shenzhen group and 95% of the Xiuning group (p < 0.001) ( Table 1) .
Almost three-of all participants were aware AI is an infectious disease that can be prevented; 40% of participants in the Shenzhen group vs. 31% in the Xiuning group (p < 0.001) were aware the infection could be transmitted from poultry; however, only 4% of urban and 6% of rural participants were aware that humans could fail to recover fully with treatment. Overall, a greater proportion of urban participants were considered to be knowledgeable about human infection with AI (Shenzhen group 69% vs. Xiuning group 56%; p < 0.001) ( Table 2) . A comparison of knowledge scores associated with AI for all interviewed respondents in Shenzhen city and Xiuning county found the same result; that urban residents were more knowledgeable about AI than the rural villagers (p < 0.001) ( Table 3 ).
Significant single factors for AI knowledge scores including gender, age, education level, occupation, and requests for AI information were incorporated as independent variables into a multivariate analysis. The results showed, for urban residents, age, education level, occupation, and requests for AI information were possible influencing factors of AI knowledge. For rural villagers, gender, age, education level, occupation, and requests for AI information were possible influencing factors of AI knowledge (Table 4) .
Overall, the rural group was significantly more concerned (p < 0.001) than the urban group about human infection with AI virus, as measured by concern about AI infection of family and friends, fear of visiting public places and catching the virus, and general concern about human infection with the virus. A comparison of attitude scores associated with AI for all interviewed respondents in Shenzhen city and Xiuning county also found that rural villagers were more concerned than urban residents (p < 0.001) ( Table 5 ). Significant single factors for AI attitude scores including gender, age, education level, occupation, requests for AI information, and knowledge scores were incorporated as independent variables into a multivariate analysis. The result showed that, for urban residents, gender, age, education level, occupation, requests for AI information, and knowledge scores were possible influencing factors of AI concern. For rural villagers, gender, education level, requests for AI information, and knowledge scores were possible influencing factors of AI concern (Table 6) .
Among the practices used to prevent human AI transmission, 1,152 (64%) of urban participants used soap for hand washing vs. 965 (38%) among the rural group (p < 0.001). Other practices (use of detergent for dish washing, anti-bacterial solutions, washing powder and shampoo) were similarly, but rarely, adopted by the two groups (7% to <1%). Regarding eating habits, 45% (714/ 1,601) of Shenzhen participants reported eating less poultry since becoming aware of this infectious disease, whereas 33% (732/2,213) of participants in the Xiuning group reported eating less poultry (p < 0.001).
The majority of urban residents (1,693, 93%) never had direct contact with poultry or their cages when purchasing them. A significant majority of those who had contact with either poultry or cages never subsequently touched their mouth, nose, or eyes (92/112, 82%). Similarly, most rural residents stated they infrequently had direct contact with sick or dead poultry (2,409, 95%).
The majority of those who had direct contact with sick or dead poultry washed their hands after contact (119/ 133, 89%).
Discussion
Despite certain limitations in the study methodology, mainly due to the need to produce simple questions understandable to all groups, our study revealed a number of important differences between KAPs of urban and rural populations for AI. Multivariate analysis demonstrated that age and level of education were likely the main factors giving rise to these differences. The study showed a high degree of awareness of human AI in both urban and rural regions. Awareness evaluations in Thailand [12] and Cambodia [13] after their 2004-2005 AI outbreaks gave similarly high percentages.
Television was found to be the most effective way to disseminate information on AI in both groups, followed by newspapers in the urban group and family/friends in the rural community. A significant percentage of both groups requested additional information; television, again, being the preferred source. These results confirm findings in Thailand where television proved to be the most efficient source of information [12] .
The percentage of participants with 'knowledge associated with human AI' was low, especially in the rural areas where education levels were lower. Olsen et al [12] also found very low percentages of basic knowledge of human AI in rural Thailand before public education campaigns. However, in Italy, Abbate et al [11] found 64% of 284 poultry workers correctly defined AI as a contagious infection caused by a virus that can affect all species of birds. Nearly all workers identified poultry and wild birds as common vectors. These percentages are much higher than our results here. A recently published Italian study showed that knowledge of AI was greater among more highly educated populations, with a similar percentage aware that AI was preventable [14] . The urban group in this survey was less concerned about human infection with AI than their rural counterparts, probably due to their greater awareness of AI, in part, resulting from their higher level of education. In the Hong Kong SAR, with its high level of education, a telephone survey found 36% of respondents agreed that buying live chickens was a health risk and only 9% estimated a >50% likelihood of resultant sickness [9] . In addition, a telephone survey conducted in Hong Kong SAR in 2005 [15] , which evaluated perceptions related to human AI and its association with anticipated psychological and behavioral responses in an outbreak, revealed that only 19.9% of participants avoiding visiting hospitals due to fear of AI, and a general education level (42.4% was matriculated or above) higher than in our study population.
Multivariate analysis results suggested, for both populations in our study, a possible relationship between AI knowledge, some of the demographic characteristics, and requests for AI information existed, as well as a possible relationship between AI attitude, some of the demographic characteristics, knowledge scores, and requests for AI information. However, a quantitative [12] . Another study conducted in Italy among the general population showed low compliance with precautionary behavior [14] . All implied the practice of precautionary activities in avoiding infection by AI virus needs to be strengthened.
Both groups in the present study reported a higher proportion of eating habit changes after awareness of the spread of AI, especially the rural villagers, who had more concern about AI, comparison with a survey conducted by Lau et al [15] . Facing AI, a new, emerging infectious disease with a high fatality rate, it is expected that people will have varying degrees of concern, ranging from indifference to panic. Timely and comprehensive public-risk communications from the government or other professional agencies are necessary to appease the possible negative social psychological influences such an outbreak would bring, in addition to the importance of persuading the public to take appropriate attitudes towards their practices of disease control and prevention.
Despite the novelty and significance of these findings, one methodological consideration that ought to be highlighted when interpreting these results is that the scores of AI knowledge and attitudes were not validated in China.
Conclusions
Studies conducted in China, Thailand and Vietnam revealed that risk factors for H5N1 infection included recent exposure to live poultry, direct contact with dead poultry that had died of unknown causes [8] , and the presence in the household of dead or sick poultry [3] [4] [5] [6] 9, 10, 13] . This study investigated the levels of knowledge, attitude and practices regarding these risk factors and could provide scientific support to assist the Chinese government in developing strategies and health education campaigns to prevent transmission of the AI virus among the general population. These campaigns should include such advice as avoidance of direct contact with sick or dead poultry, and use of protective equipment such as gloves and masks when contact is unavoidable. Such campaigns should utilize television as the primary medium of dissemination in all localities, 
